Construction Challenges and
Recent SVC Project Experience
“Bullding an SVC on Rock”
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Todays Topics
e Introduction to ATC

 Benson Lake SVC project background
e Project Contract and Design
* Project Construction

e Questions



Introducing ATC

Began in 2001

Minnesota

First multi-state, transmission only utility
in U.S.

Assets > $4 billion
9,500+ miles of transmission line

500+ substations



National leader In building transmission

2,400+ miles
of transmission line
upgraded or bullt

170+ substations
Bullt or improved




Need for Voltage support

 May 10, 2011 West & Central UP Blackout

* Planned outage of the 345-kV circuit

» Split system configuration
e Eastern UP (Pre- Mackinac HVDC)

* 93 kA Lightning strike caused fault on double circuit 138-kV lines

 Remaining 138-kV & 69-kV ties tripped within ~2.5 sec to form an island

My personal experience during the outage



May 10, 2011 West & Central UP Blackout

 Shield wire received a direct stroke of 93 kA

e Poor grounding causes tower to elevate In
voltage

e Results in insulation flash-over and faults
the middle phase of both circuits

» Arresters had been installed on the bottom phase of
both lines




May 10, 2011 West & Central

UP Blackout

® Line open prior to lighting strike

@ Line open following the lighting strike
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Bay Lake Projects

New North Appleton to Morgan
transmission lines
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Static VAr Compensator(SVC)

e Static VAr Compensator is a set of
electrical devices for providing fast-acting
reactive power on high-voltage electricity
transmission networks. SVCs are part of
the Flexible AC transmission system
device family, regulating voltage, power
factor, harmonics and stabilizing the
system.
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SVC Development & Siting

« Amberg Substation preferred location from power flow perspective
* Physical limitations

e Other sites evaluated but ruled out
 Holmes Substation
e Former distribution station
 New network substation near Amberg Substation

e Decision made to site new SVC adjacent to Amberg Substation
« On ATC property
« Radial 138kV line back to Amberg Substation
 Named “Benson Lake SVC”



Benson Lake SVC Siting

0 200400 800
e et

12



Benson Lake SVC Siting
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Benson Lake SVC Siting

« Bay Lake Certificate of Public Convenience and Necessity (CPCN) Application filed
May 2014

 Two Benson Lake alternatives proposed
- ‘North’ alternative
e ‘South’ alternative

e Public Service Commission of Wisconsin (PSCW) Order received May 2015
* ‘North’ alternative Ordered due to lesser impact on forested wetlands



Benson Lake SVC Siting
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Benson Lake SVC Contract

 EPC contract to SVC manufacturer for SVC
« ATC responsible for design and construction of stormwater facilities and all grading/site work
« AECOM perform design via subcontract with ATC Alliance partner Black & Veatch

e ATC contracted with Black and Veatch
o Perform system studies
» Create SVC functional specification
* Act as Owners Engineer

e October 2014: RFP submitted to 3 bidders

e September 2015: EPC Contract awarded to ABB
 In-Service date of June 30, 2017



Benson Lake SVC Site Design
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Benson Lake SVC Site Design
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Benson Lake SVC Site Design

TEMPORARY STOME
TRACKING PAD

= Wetland fill
@ 5

_."l.llf/ J.'"
z M 4
Nl .-"'-d-‘i'.'l .y
CHANNEL EROSION ]

ol

ALL DISTURBED AREAS

{OUTSIDE OF POND NORMAL
WATER LIMITS, AND GRAVELED /

J— AREAS) SHALL BE RESTORED

VA TH & TOPSOIL, FERTILIZER.

SEED & ERCOSION MAT OR

MULCH, &5 NOTED MOTE #8)

14 PROPERTY LINE
(TP}

e o
| " e —— \"3‘1
I | -

W [}

I

-+
| Iw | POMD MORMAL WATER || s
T !
| LIMIT [ELY. n5|?|if|:"\ k‘;‘ 5
MOTES: I v & | \\\M

N
1. ALL ERCSION COMNTROL AND SITE RESTORATION SHALL COMPLY WITH ATC SPECS. 5

2. “ATC SPECS® REFERS TO ATC ENVIROMMENTAL REQUIREMENTS SECTION 01 55 01 AMD ASSOCIATED DETAILS THEREWM. SEE ATTACHED.

1. TEMPORARY ERDSION COMTROL BMFPS:
3.1, BILT FEMCE - COMPLY WITH ATC SPECE AMD 'WISCONSIN CONSERVATION PRACTICE STAMOARD 1055,
3.2 STOME TRACKING PAD - COMFLY 'WITH ATC SPECS AND WISCONSIN CONSERVATION PFRACTICE STARNDARD 1057
4.3 INTCH CHECHS - COMPLY WITH ATC SPECS AND WISCONSIN CONSERVATION FRACTICE STANDARD 1062

4, TEMPORARY STOCKFILE AND STAGING LOCATIONS ARE NOT SHOWH, LOCATIONS T BE DETERMINED AND APPROVED BY THE ENGINEER ANDIOR CWNER - PERMANERT TURF

OPEN GRADED ¥ARD

PRIOR, TO CONSTRUCTION. CONSTRUCTION PHASMEG WMAY BE RECUIRED DUE TO SITE COMSTRANTS A O o
§ .
5 TEMPORARY STABILZATICN ACTIVITY SHALL COMMERCE WHEN LAMD DISTURBING CONSTRUCTION ACTIVITIES HAVE TEMPORARILY CEASED ANDWILL | b/ R *
NOT RESUME FOR A PERIOD EXCEEDING 14 CALENDAR DAYS. THIS REQUSREMENT SUPERCEDES THOSE STATED M SECTION 3.3, ITEM C.4 OF THE ATC -~
SPECS. & S I ¥
E . SILT FEMCE REQUIRED AT LIMITS OF STOCKPILE, AMD CONSTRUCTEIN EQUIPMENT PARKING AREAS. @ a ;’r uE e e e
rd
E 7. CONTRACTOR MAY USE PROPOSED POND LOCATION FOR TEMPORARY SEDIMENT BASIMS IN ACCORDARGE WITH WISCONSIN DNR TECHRICAL STANDARD . e .y Ny Ap';,x . SUBSTATION PAD
1064, COORDINATE WITH ATC ENVIRONMENTAL FIELD STAFF. f e
4 | " R SURFACING
8. &LL OISTURBED ARELE (DUTSIOE OF POND MORKAL WATER LIMITS, AND GHAVELED ARE&S) SHALLRESTORED WITH TOPS0IL, FERTILIZER, SEED & "-_‘ [ _,-" MATERIAL LIMITS
ERDSION MAT OR MULCH, de .%_ Je \-\* B de de
3 B.1. FOR AREAS WITH ELOFES OF 1001 OF FLATTER. MULCH MaY BE USED IN PLACE OF MAT. ALL OTHER SEEDED AREAS SHALL RECEIVE ERGSIOHN MAT. \ e _JI o
B.7 FOR CHAMNEL AREAS (LE. WITHIM 3 FEET OF THE INVERT OF & EWALE ARDUOR A5 SHOWMN IN THE DRAWING), MAT SHALL COMPLY WITH ATC SFECE 4 l‘\"-ﬂf’ - :",_ 'f\l-r' A4 Al
ﬁ AMD WESCONSIN CONSERVATION PRACTICE STANDARDS 1053 S | |
5 8.3 FORNON CHAMNEL AREAS, MAT SHALL COMPLY WITH ATC SPECS AND WISCONSIN CONSERVATION PRACTICE STANDARDS 1052, " " - - 4 - ” " " "
[ .4, SEED SHALL BE PASTURE SEED MIX PER ATC SPECS, | * — \r |
- T - \ -
9. TEMPORARY EROSION COMTROL DEVICES SHALL REMAM IN PLACE UNTIL VEGETATION |3 SUFFICIENTLY ESTABLISHED, AS DETERMIMED BY THE hd A “T"“'--l "‘:} [ A hd W hd b v ; -
ENGINEER. — | ! w) \
¥ W W S B 2 W W W L 4
0. HO CONSTRUCTION EQUIFMENT SHALL BE ALLOWED QUTSDE CONSTRUCTION LIMITS NOR PROPERTY BOUNDARIES, b
o e e W ¥ ¥ ¥ ¥ o Y e
11, FINAL STABLIZATION ACTIVITY SHALL COMMENCE WHEN LAND DISTURBMNG CONSTRUCTION ACTIVITIES HAVE CEASED AND FINAL GRADE HAS BEEN — -~
REACHED ON ANY PORTION OF THE SITE. THIS REQUIREMENT SUPERCEDES THOSE STATED IM SECTION 3.7, ITEM E OF THE ATS SPECS. = e = T =T Ny + e § N e ¥ e
! Y
il ~ W R + e e e

Hh

P

‘-.q,,

19



Benson Lake SVC Interfaces

e Protection of 138kV radial line
e 4111 CD/ 311L CD over dedicated fiber

« RTU / Communications interface with ABB MACH2 control system
e Security

« Grounding

* Fiber pathways

« Auxillary AC station service sources



Benson Lake SVC - Ratings

e Rated for 150 Mvar capacitive and 75 Mvar inductive
« 175 Mvar Thyristor Controlled Reactor (TCR)

* 50 Mvar Thyristor Switched Capacitor (TSC)

e 100 Mvar filters: 31, 5t 7t and 17%/High Pass

» Rated for continuous operation between 0.90 and 1.1 pu voltage on the 138-kV
system



Benson Lake SVC Single Line Diagram
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Site Layout
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Control Building Layout
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Thyristors
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Cooling System
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TCR (Thyristor Controlled Reactor)
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TSC (Thyristor Switched Capacitor)
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Filter Banks
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SVC Transformer
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Construction Milestones

e February 2016: Tree Clearing
* Northern Long-Eared bat restrictions

e August 2016: US Army Corps of Engineers (USACOE) wetland permit received, ATC
begins site work

e October 2016: ATC complete rough grading of site
« Site turned over to ABB



Benson Lake SVC Construction




Blasting the Rock
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the Rock

ing

Blast
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Blasting the rock

e Some Detalls:

e 32,000+ cubic feet of rock
blasted

* 54,500+ ton of granite
reduced to rubble

* Over excavated to 3 feet
below rough grade

e Backfilled with 44,500 cubic
yards of fill

36



Benson Lake SVC

October 19, 2016

November 16, 2016
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Benson Lake SVC

December 13, 2016
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January 12, 2017
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Benson Lake SVC

February 9, 2017

March 9, 2017
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Benson Lake SVC

April 7, 2017

May 19, 2017
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Benson Lake SVC

« Commissioning Dates
e Cold Commissioning: Started approximately March 27, 2017

« Hot Commissioning: Started approximately April 24, 2017 and concluded with transmission testing
May 12.

e Commercial as of June 30, 2017



Thank you!



Questions?
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